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Abstract 



PROBLEM TO BE SOLVED: To orient the magnetization of each magnetic film of multilayer 
structure, in a specified direction specified by design, by alternately applying uniaxial compressive 
stress or tensile stress to soft magnetic films which sandwitch a non-magnetic film; are vertically 
adjacent, and have magnetostriction. 

SOLUTION: A magnetoresistance effect multilayered film D is constituted by repeatedly forming a 
necessary number of layers (seven in this example) of soft magnetic films 31, 31' and non-magnetic 
films 32 on a non-magnetic substrate 30; A compartively large tensile stress is applied to the first 
soft magnetic film 31 and the third soft magnetic film 31 , and the direction of their axes of easy 
magnetization is made right (arrow mark (a)). A small compressive stress is applied to the second 
soft magnetic film 3V and the fourth soft magnetic film 31\ and the direction of their axes of easy 
magnetization is made perpendicular to the arrow mark (a). Hence the direction of magnetization of 
the soft magnetic film 31 to which the large tensile stress is applied is films fixed by pins, and the 
direction of magnetization of the soft magnetic film 31' to which the small compressive force is 
applied is the film in which the direction of magnetization is made free. 
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3, 3 3<r>MtcomtfmL, wmm3 3' , 3 
isw-c. (TWsmifkwm-h zbx\ mzmm* 

1i§£ 3 3 . 3 3 WbZ KKMiftX'b r>Xt> MfcBft 

fes?ti«i*«±««attiR 33. 33' t 3 a * 

^fiSBWSttiStcSWC**^, 01 1 fcHl 2^» 

RitZ'&zzbtfX'Zz. aatflfit-cji^siT* 

w<offl&?iffimmx'<?)mmi>!ki%\<\ 
[0032] <K(=0 1 tzmm&nms&mzm 
Dnw&jmv-Mizn ^xm 3 -0 5 t«tjaTfc:R 
its. 0 1 Ksttasusfasw^wRD * Hjttt ic 

(4. ffi««»*»/5>*4»R3 0fc:a«LT*«3 0fcH 

v>mmzm>bLxmA,tft taomt&i «t 3 tmE 

TN i-F e=5ri;«OKJKtt!S3 1 a£E3fc**J; 
M«. *CC, ttJSffil3 1 atrtWLfcifetf, S 
*3 0^^«W*ff±U. »jNbfc*aB«o««3 0£3 
KB!Lfc««-CC u^®ffl83 2 *04 t^i: d 
fcr^Kti. 'Srfcs H4tcs%1-J:3fc:*«3 0k:jML 

5ft6***f^fflLfe«tti:«r&. ^-^TS«3 0_h(C?l3i 
fiS**<Epin$^«ClKttJS3 1 btf?Z 

[0033] 0 5 3 (C»K3 0 fcjfeOiB 
lt(±j2|6l§taiSLT»e[3O^0<OflWr|6j^ff5SL 
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2±(C«t«ttK3 la' £05lCjjcf «t 
3 Srfc. i«R|{c»jjiLfeWlfflB3 1 

a' U»S3 0^<ojKSrff±UTaHK3 0*aS{D«» 

2±£Bmijtfma$fvktimm3 1 ' ##<bfi 

&. EEW8<0^3 0^aJfln«E£.l:>)* It 
£k#?££. <Wc. J2l±*>,k3$*fM:l*938Uf 

itJR3 1 &zmi. ac^Taw3o^«a«tfT** 

3 (cM3 o £»h W:tt»fc LT&Bj;tilBi3 la'* 

#jfct* ; k immmnmmBfctt z t 

-?±T, ««3 0^OjM*ffil:LT»K3 0* 

iittis i t=*ta»«Ktt«6*^Ji»D t maim 
<n%wm-%h zttfrzz. ai-ota < mmteizmzk 

mjfflg&mmzimizwki-zzttfTZz. 

[00 34] 08k09(± J^«in;«)*^««^i?3t 
mWt.4 0<i, Si, A1 2 0 3 , TiC, Si 

aw-sEwim. %<nmmmmL3 o *®&tz& 
wtmtmmcomtm^&zttfTZ . zi\*mm*fr 
i ow«nc««»o#aTR o wt * i fc raeK4 o £ 

k#T*S & . r^J<7)fflS4 0 ^ffl^Tifetira 
«4 2 , 4 2fc*ftWI*U;2«**f*4 1 IZ®81Z 

tSil«^jht-C*1g*ft:4 lW6**SttDUT^«r 

aaHRi/taeisu o ±tg isae^ £ ma Ltimmm 

itzmmitmmd&mmmzm-t&z tTBtmws. 
mm%%mm'&h z t h . z^m^-n 
mx^^ivt^mmm^mmiziiux . awa«4 

2, 4 2fc*(?)±fci»*S<iTv^a*WBHi«|li j e9? 



[00351 01 OUBSUB!Q»m^nR»IE&r£«ft 

OJi, #5*, Si, A 1 2 0 3 , TiC, SiC, Al 
2 0 3 kTi Cicojg&ffr, 7x7>f htiffcf^Sil* 
mMt««3&»6«l««h.T^T i A< . %<r>% l USSffl 
<0»£3 0 cr>1m<£fcfi*EMttnfrt3Bf&ZtLT C ~>T i 
H8fcH9£*U:J:3fc**S*>««4 0i: 
H-«3fi?*->Tiavi. Cl<7)S«5 0Srffl^T5fe£7)M 

«5 o=&0i o (b) icsr«D<j«Hf (±ffl) rata 

fc*4J:3fc±rt*fc:»llll3***». 010 (c)fc* 
tftKiSBBiB (±18) Mfcfflfc**J:3fcTfll*fc»H 
SHi*««TattR&)SIRLs 010(a) t^-Ti: o 

izmzvte^mximm&Zfm-nitii^ 

[00361010 (a) K^tT <k 3 fc«R5 0 Srjgffl 
**WSitTU*^««<^HattlH*qB«3*i. 01 

o (b) fc^i3K±m*i:»ias^TOrc«ttii 

fSBiJEyjjWfflU 010(c) fcwrtJ: 3fcTft* 

<?>mzm-t. wtmzi&mi&Jiffi-m-i-i. 

T, »R50t#fU, 01 0 (a) , (b), (c)O 

fiit«fflgt *«rwmw4 i t tn i izTjki-m 1 

<7)ZW&tZZttfX'$Z,. it:. fltrl5»K50$rJ±m 
fRt, ffiR5 0^01 0(b) *SV^iHl 0 (c) 

[0037] }5Cfc0 1 1 -0 1 5 {±. *)^|Cfi£SSv 

sfiM^e^mo^Wjtk w&m* frntm 
tboi>cr>Th&. 01 1-015 zmizuxnzmwtz 
mzmmz ztvmi5 iz^-tmrnsjcm^m 
Gmzzttfxzi. zmmmmi&mm 
tm i 2 izTnam^mmsm^mm 

D, EkM=5r->-Cv^<JQ<ii>««60rfcS. icoWC 

[0038l^^)J:p ^rTOk t T^#Wfc:«, #© B B B 
Wr-iT, Sb, Be, Bi, Co, 

Sn, Zn, Zr&k'£ffl^i>dka s T*£&. i^T, 
*K^7r4T(i, <2 2.0 1 >^f6j (*HJWtfc 
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tcotfs. ) vmm&mno. 1x1 o- 7 t-s> 

>9. ^OS^I*) <1 1 2.0>^B5S^i7 6.4 
XI 0- 7 T'J>6, $-9Tg«6 0£J»!>fc*«6 0 

ti< i i 2.o>^i6]t#y^«®t^o. ^a$ix^ 

[00 3 9] i/c, * B B B tfO(0 0 0 (&H,COCtt 
(~TO &7f[6] ) ^J»3flffiiSM4 7.5X10- 6 , (01J_ 

f^AOgytilffiHi 2 6 . 3 x l o-« . CNlcSK 
**rt««BSia»(±5.44xi 0-bt*S. Hfc. 
s b«ci»t^^iPi<^MBMI»Ji 15.6-16. 
8xio-«, C«tSit*^m<^«aB5MHRJ47 . 0 x 
1 0- 6 T* 0 . Be cocttfcTOfctffocoSW^Wi 

i o . 4 x i o- 6 . c®izmm.ttfocommmii 1 
5.0x1 o _6 T'*0, b i ncwizw-'ttlTiisiafm 
SMHKtt 16.2X10-6. Ctt£S«fc#fl<0««» 
ftfttt 1 1 • 6 X 1 0- 6 X'S> 0 s Co CDC ttfc Wfcfr 
W<^RIKKfifiatt 16.1X10-6. c*KMEKfiflfi 
<0}R»«ffijRli 12.6X1 0-6-C-* 0 . S n^Cil: 

yftttftetimmmt 25. 9-32.2x10-6, 

C|*tSll**rt««!yW|{RWi 14.l-16.8xi 
0- e f* 0 . Z n OC»tTO*^WJ!MW5Rff»tt 5 
6-64.0x10-6, c«t:SE4*|6i<»Dl!M(B6flaR 
1414. 1~1 6X1 0-«"C**K ZrtfOCtttcTO^ 
#ffl<^JKKffiftl±4 x 1 0-6. CtttaB*^^ 

®mm*i3xio- e Thz>. m->xztit>wn\ 

mm t> fflg 6 0 ffl fc LTttJBTS & . ' 
[ 0 0 4 0 ] &(;. lMESfti 6 0 £J^fc«Hi<0««J6 

S. mfBffl#^&S»6 0£fflS;Uc&£>J4\ £05 
6 0 *BfS«iB*(c JiSR LfcftHrCH 1 1 ^cfi. 
3fc3E«6 0J:(Ctt«ttlR6 1 afcjKIS-rS. --T'fi)t 

je«a*i:j±, *«6ot«ciStt)i6 1 &im*Lit^ 
nxnWRZhharc* o o~3 ooro 

0(401 Hz^-t £ofcimit:tflBrebZ,<ox\ z<r> 

t\m:WstLxnmzmtzbxmmme 1 aum 
6 1 znz, z t tfix-z i . z cDttmxm 1 2 (c^-r J: 5 

CCu *«£N»ttV 6 2 ^fljSmftTJBJfrf 

[ 0 0 4 1 j act:, me 0 *«*a*^^^}wiT« 
si 0 t^fn^mmz^&ixms.e otmfrwt 

HttIS6 1 a*«a»L^V^«^{Sfflt"*l.<0t\ Jlft 
ttKU: 0 — 2 0 0 XW&mtWt U\ ZZ T'ffM I 



tzmmme 1 a' (4. mL6o^m^±txmm 
6 0 ft«fflK-r * t . wrnuc»->T 
-»giaffi*3Wffl us*®** *) , ««3 2±t 
-«i?i5S£^* ? 9ijD$a^«:«ttS6i' mi>tii. 

mz. J3Lh«)J:d^ff*»0StffW SI 4-01 
StCSttJ: 3fc»R6 0±fc*ttttll6 la. ^ffiftM 
6 2. «attK6 1a"S»XW*fcBI15t*t7Ji 

m&<m%mm^mm Fzm&zttfx-zz. 
[0042] v±ni>mxwkZixtz®m,ffimm 
(iF(c*oT(4. ttwrwsmmz&mm. Et 

t -cutftftrt- * 3 13SJ57J fc BBiBje* \zmtx% 
t.m* £^mmzi)m-rhti£>90'<<7)3mmj)Z 
imw&6 1 tzmrn z t tfx"% . «t *)<&&izm-t 

*Uf J: 0 £ < OffiHifE* £3&KttJ£ 6 1 ' fcttflirf « Z 

t s, . ja±«o*o < €^stit^^«is f 

[ 0 04 3 ] ^riJ. frE<O0Wc*JV^Ttt. ««6 0(=» 

LT7Ji«jsfctfc3&«. mum. imsm. 
coimx-u o & Li$mt:'fT'>x t v>u«irc» s . 

*T-o£i§&. *is6 0ji(c. «asfflig6 1 ■ timim 

6 2 fc«ilttJi6 1 h imtms 2 fc®;©ttM6 i • t 

imme 2 tmrn^me 1 tiwcp?^ 

[0044] 

t mmtzfe txm®fflgiiz\i£mz\g&t & *i<o * ft < 

ttK^b^iei#*^m«to*ii(cj6t-c^-lEti. . 

sffi^-ik s: mm 1 xmmmfttfx* x*m\<r> 

s. *mwwm. &®.mbmm£2m 
am® Ltzmwz-rh z b mm-b 0 . mm 
mtri zbx\ -^cDfe&ffimximmx z%fr*>ti 
mffik*m.-thzbtfx%. m^MRitm&zb 
tfvtb. Mt. mtJwn%&2W8.<r)m&Mzm^ 
tzmmmx-mx-z tz^mz^ti^ * ® 
^tcm\$tmi>m#fizmax-z&. wc, xmix-a. 
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[0045] *%W<,zti^X . IfcKtt&OlIMfriEk L 
k&k Lfc*£ k Tli . k fix 

ztdtftm u: t * e£ t * msummz x a shim 

[ 0 0 4 6 ] Kfc, Wtt-tfrtfcttK****, TOM 
[0047] f Lt, tt«tt)St-«lW^I5giB^ J) £ 

W)wmzmisii$-£&zkx°®Mtz?io ztwv* , t 
-*-6.rk#-e'#£. 

[ 0 0 4 8 ] Hfc. ttSSMKt-«W=S:3l38lS** 5 v> 
teEIS^Mntl>^##kL-C. iiKSMMft^ 

two Ltzmmmtt&®mm}%mi&*'&i> 
zttfxzh. ±iz. wmfi^h&wi&m&iiz 

SHEft k EW6* *W*t=^ffl S fcWKttit**-*-* 
[0ffl*)fg#&tB9!3 

[Hi ] *mizm®^m>&zm8kcomimim 
crmmmx'ht. 

mil ^mizmimm.mm^mm2mmm 
(nwmmx'ht. 

[03 ] a i iZKtmmfa®&zm®nmmmc?>- 



[04 3 0 1 tcS1-«mJS5iS6a#ffllSOi?J&*«<0- 
[05 3 01 tt^-r®Sv««iS6a^«)KOii!)tJi1iO- 

[06 ] 0 1 iz^tmfmmmsmmmmn- 
m&mthcDT. 3\&m£muit:mLkiztm&m 
mm Uzm^i-mmmx-h h . 
[073 0iK^-fesusiiBam^aiRo»{jis«o- 

t^^B^^f mwmxi> h . 

[08 3 *«BB*»*««rt-*«^t:lv^»Ki0iS2 
[01 0 3 *8«^*3Sflr*S^fcfll^*^«^ 

fcft<of6w*a* o , 0 1 o ( a ) amm 
mz&x^K^imztftwmM. mio ( to am 
mztfoztzmz-ttivmtmmm. 010 
( c ) \±&mzTm izm&Zittzvm*7Ki~®mmx' 

[0ii3 ffiio^Eim«St^«^Ji^osit^o- 
w^^tto-c. m vximzttm®Lkizwm&m 
£B&itzvtm*?wwmx"$>h. 

[012 3 ffi£Wloe^£tii3»m^«KO»Ji*a^- 

w^-to-c, ^^m<r>m±izmmmm&L 
tzimmi-mmmx'$>&. 

w^sttw, <$WLxm^vt:mutizm.m 

ift&uz#m£m'tifl\wmx'&&> 

[0143 fitjco^Koiisagas&m^sffiiwissjt^co- 

W £ jjcf Ot. 5 fl^Jt k L^ttBS-^Bfffi0-efc 

[01 5] mmcmmsm^mmfmmmffy- 
[0163 m^ms^mmm^mmm^ 1 «ow 

S-*1-*«0-C*)l). 

[01 7] ®^wmmtim=f-mmm<r>%i2(?>wi 

[0i8 3 ^^fi^ffifii^^^^a^msoM 
^-rmmmx'hi. 

30 

31. 31' SftKttlS 
3 2 ^NKttJS 

33. 3 3' frmam 
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